A b s t r a c t -Dynamic stereochemistry o f 9-benzyl t r i p t y c e n e , 9-phenoxytriptycene, and t h e i r various d e r i v a t i v e s , which behave as molecular bevel gears w i t h a two-toothed wheel and a three-toothed one, were studied by dynamic l H and/or l3C NMR spectroscopy and molecular mechanics c a l c u l a t i o n s .
INTRODUCTION
The phenyl group as w e l l as i t s s u b s t i t u t e d d e r i v a t i v e s has been used as a two-fold r o t o r i n t h e s t u d i e s o f dynamic stereochemistry o f s t r u c t u r a l l y i n t e r e s t i n g molecules such as molecular p r o p e l l e r s because o f t h e r i g i d and p l a n a r s t r u c t u r e ( r e f . 1).
unique s t r u c t u r e i n which t h r e e benzene r i n g s are three-dimensional l y arranged and t h e 9-
t r i p t y c y l (Tp) group c o n s t i t u t e s a r i g i d three-fold r o t o r w i t h a h i g h r o t a t i o n a l b a r r i e r . D i -9 -t r i p t y c y l compounds o f t h e t y p e Tp2X (X=CH2, 0, etc.) have been shown t o behave as dynamic gears w i t h very low energy b a r r i e r s (< 4 k c a l mol-l) t o gearing and h i g h b a r r i e r s (30-40 kcal mol-l) t o "slippage" o f t h e gear ( r e f . 2).
We have been i n t e r e s t e d i n t h e dynamic stereochemistry of 9-benzyltriptycene (1). 9-phenoxyt r i p t y c e n e (2) and t h e i r d e r i v a t i v e s (Ph-X-Tp: X=CHz, 0). i n which a two-fold r o t o r (Ph) and a t h r e e -f o l d r o t o r (Tp) a r e attached t o a c e n t r a l atom X. regarded t o c o n s t i t u t e bevel gear systems w i t h a two-toothed wheel and a three-toothed one. A t t h e e a r l have become a v a i l a b l e and t h i s prompted us t o r e -i n v e s t i g a t e t h i s f i e l d i n a more s o p h i s t icated way. We made l H and 1% dynamic NMR s t u d i e s and molecular mechanics c a l c u l a t i o n s on several selected compounds i n c l u d i n g t h e parent compounds 1 and 2, which has revealed some new aspects t h a t were n o t d i s c l o s e d i n t h e e a r l i e r studies. t h i s a r t i c l e together w i t h some o f t h e e a r l y r e s u l t s .
Triptycene has a
Therefore, these molecules a r e stage o f t h i s research a v a r i e t y o f s u b s t i t u t e d d e r i v a t i v e s o f 1 and 2 were s t u d i e d by T H NMR o f low magnetic f i e l d ( r e f . 3). Thereafter h i g h -f i e l d NMR spectrometers Recent advances are described i n
9-BENZY LTRIPTY CENE AND 9-PHENOXYTRIPTY CEN E
These compounds e x i s t i n a conformation i n which t h e Ph group i s coplanar w i t h t h e Tp-X bond and i s flanked by two benzene r i n g s o f t h e Tp moiety as shown by t h e Newman p r o j e c t i o n along
Ground S t a t e G R IR T r a n s i t i o n S t a t e s Table 1 .
by either GR, IR or both, as discussed above.
considerably lower barrier than the Tp-C rotation indicate that the Ph-C rotation mainly occurs by the IR process. and 25 s-l, respectively, at -65 "C, and thus the kinetic parameters for the Ph-C rotation can be regarded as those for the IR process.
In compound 2, internal motions are still fast on the NMR time scale even at -111 "C, the lowest attainable temperature, although some of the peaks are considerably broadened. Analysis of the broadened signals allowed a quite rough estimate that the Tp-O rotation and the Ph-O rotation have nearly the same energy barriers of ca. 7 kcal mol-l.
In order to supplement the experimental results, we made molecular mechanics calculations on 1 and 2 using the BIGSTRN-3 program with a modified MM2 force field. calculation on 1 with the original MM2 force field has been done by Mislow and his coworkers (ref. 6 ). ] GR and IR were obtained as stationary points for each compound. of these points are shown in Table 2 a) The kinetic parameters refer to the ap-->sc process.
AB-quartet due t o i s c , w h i l e two p a i r s o f s i n g l e t s are observed f o r the mmethyl protons. The lineshape o f the methoxyl signal i s c o n t r o l l e d by the r a t e constant o f the GR(H) process, t h a t o f the methylene signal depends on both GR(H) and GR(Y), and t h a t o f t h e mmethyl signal on a l l o f GR(H), GR(Y), IR(ap), and IR(sc). Careful examinations o f the spectra gave t h e k i n e t i c parameters f o r GR(H) and IR(ap) as given i n Table 3 and suggested t h a t GR(Y) and IR(sc) have energy b a r r i e r s a t l e a s t 1.3 kcal mol-l higher than GR(H). c a l c u l a t i o n s supported the experimental results.
I n t h e oxygen counterpart, 1,4-dimethoxy-9-( 3,5-dimethy1phenoxy)triptycene (4), the 1-methoxyl signal remains a s i n g l e t throughout the temperature range studied, while the mmethyl s i g n a l s p l i t s i n t o a p a i r o f equally intense s i n g l e t s a t low tem eratures (ref. 4 ).
The r e s u l t s i n d i c a t e t h a t the GR(H) b a r r i e r i s lower than 7.7 kcal mol-y and t h e lineshape change o f the m-methyl signal i s explained i n terms o f e i t h e r GR(Y), IR(ap), o r IR(sc) as the rate-determining step. b a r r i e r and therefore the observed dynamic NMR behavior was ascribed t o GR(Y).
Therefore the slippage o f the gear i s a more favorable process than the meshed gearing i n the methylene compound 3 w h i l e the meshed gearing i s t h e lowest energy process i n the oxygen compound 4. ( r e f .
6) i n d i c a t e d t h a t GR i s the lowest energy process i n 9-(2,6-dimethylbenzyl)triptycene (5) and has t h e b a r r i e r o f 4.9 kcal mol-l, which i s too low t o be detected by dynamic NMR. By introducing a p e r i -s u b s t i t u e n t Y, the GR(Y) process i s expected t o be observed by dynamic NMR. A c t u a l l y dynamic 'H NMR studies
o f several p e r i -s u b s t i t u t e d 9-(2,4,6-trimethylbenzyl)triptycenes (6) supported t h e expectation ( r e f . 3).
-I R t r a n s i t i o n s t a t e b u t n o t t o s i g n i f i c a n t l y a f f e c t the GR Y H21:
-METHYLBENZY L)TRIPTYCENE A N D 9-(2-METHYLPHENOXY) TRIPTYCENE
9-(2-Methylbenzyl)triptycene (7a) and 9-(2+nethylphenoxy)triptycene (7b) w i t h a methyl group i n one o f the o r t h o p o s i t i o n s o f the phenyl group show i n t e r e s t i n g dynamic behavior. compounds e x i s t i n a conformation i n which the methyl group p o i n t s outward as shown by the formula 9. methyl group p o i n t i n g inward. conformer 9 by another GR o r I R (See Scheme 3 where Y=H).
I n 1% NMR spectra o f 9, signals due t o t h e aromatic carbons o f the Tp moiety s p l i t i n t o respective two peaks w i t h an i n t e n s i t y r a t i o o f 2:l a t low temperatures, w h i l e no lineshape change was observed f o r the Ph carbon signals. gave k i n e t i c parameters given i n Table 4 ( r e f . 5). 
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The GR t r a n s i t i o n s t a t e s were c a l c u l a t e d t o be lower i n -7a X=CH2 - Actually the calculated GR barriers agree well with the It is therefore concluded that both 7a and 7b behave as dynamic gears. Dynamic IH NMR of some peri-substituted 9-(2-methylbenzyl)triptycene derivatives (9) has been studied ( Table 5 the IR barriers is necessary and the next choice may be oxygen analogs of 9f, or 9-(2-methy1phenoxy)triptycenes with a cylindrical and tall peri-substituent and the study is i n progress.
Molecular design to raise

